Objective: To evaluate diagnostic accuracy of high-resolution T2-weighted MRI (T2w) for detecting cerebellopontine angle (CPA) lesions compared to a combined protocol including gadolinium enhanced T1-weighted MRI (GdT1w). Results: Results of 678 CPAs in 340 patients were analysed. On T2w, the neuroradiologist identified all 27 lesions >2 mm in size out of a total of 30 CPA lesions (sensitivity: 90% [95% CI: 73.5%-97.9%]). Negative predictive value reached 99.5% (95% CI: 98.7-99.9). One missed lesion of 2 mm would have been detected in clinical practice, as this was one of 14 patients for which additional GdT1w would have been ordered based on T2w alone, increasing sensitivity to 93% (95% CI: 77.9%-99.2%) and negative predictive value to 99.7% (95% CI: 98.9%-100%). Inter-rater agreement for T2w was 98% (95% CI: 96.4-98.8).
lesions in patients with asymmetrical audiovestibular complaints differ per hospital, either consisting of high-resolution T2-weighted MRI (T2w) alone or a combination with contrast-enhanced T1-weighted MRI (GdT1w). Including GdT1w increases scan time compared to T2w only. Moreover, an intravenous catheter and administration of a contrast agent are required, resulting in discomfort for patients, a risk of allergic reactions, and nephrogenic systemic fibrosis or accumulation in the brain of certain types of gadolinium contrast agents, and increased costs for society (eg, Dotarem â (Gadoterate meglumine, Guerbet, Villepinte, France) has a list price (commercial price) of about €80 or approximately US$86 per 15 mL vial). [6] [7] [8] Studies reporting on diagnostic accuracy of MRI protocols only consisting of T2w, on the other hand, are either outdated (lacking current state-of-the-art image quality), contain small patient samples and/or mainly positive MRI findings or are conducted in academic setting where specialised neuroradiologist assess images. [9] [10] [11] [12] [13] The consequences of usage of a protocol consisting of T2w only in current clinical practice remain unclear. Our aim was to evaluate the diagnostic accuracy of T2w for the presence of CPA lesions in comparison with a combined protocol including GdT1w in a large cohort of patients with asymmetrical audiovestibular complaints, using standard MRI machines and observers with different levels of experience.
| MATERIALS AND METHODS
This study was performed alongside a diagnostic (cost-)effectiveness study in which we aim to optimise the diagnostic strategy, including imaging, in patients with asymmetrical audiovestibular complaints.
The need for informed consent was waived by the medical ethics committee of our institution, because of the size of the study population and retrospective nature of the study.
| Population
In our tertiary hospital (Radboud University Medical Centre, Nijmegen, the Netherlands), it is policy to perform a screening MRI of the CPA region in patients with asymmetrical tinnitus, asymmetrical sensorineural hearing loss (confirmed by pure-tone audiometry) and/or vestibular symptoms (in conjunction with asymmetrical findings on electronystagmography). We used a random sample of 350 patients aged ≥16 years, for which an otolaryngologist had ordered a "screening MRI CPA", that is 700 CPAs. All MRIs were acquired between January 2013 and April 2016. This recent time period was chosen to ascertain state-of-the-art quality of the included images, representative for current clinical practice.
| Data collection
Most MRI images were acquired using a Siemens Avanto (Siemens Healthcare GmbH, Erlangen, Germany) with a field strength of 1.5
Tesla. Eight patients were scanned using a Siemens TrioTim with 3 
Keypoints
• T2w has a very high diagnostic accuracy for the presence of CPA lesions in patients with asymmetrical audiovestibular complaints.
• Vestibular schwannomas ≤2 mm as well as rare differential diagnoses might be missed on T2w only.
• Inter-rater agreement between an experienced and less experienced observer is high.
If quality of the images was judged insufficient to reliably assess one or both CPAs by one or both observers (eg, due to movement artefacts) this CPA was excluded. Maximal tumour diameter in any direction was measured for detected lesions (including internal auditory canal portion).
| Analyses
All statistical analyses were performed in R version 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria, 2015), using the "epiR" and "rel" packages. The presence or absence of a CPA lesion was used as outcome, irrespective of the type of lesion. T2w findings (index test) were initially compared to GdT1w alone (reference test). In case of positive, equivocal or doubtful findings on T2w and/or GdT1w, the combination of T1w, GdT1w and T2w (reference test) was additionally assessed to confirm the diagnosis. We summarised this in 2 by 2 tables and calculated sensitivity, specificity and positive and negative predictive values. Moreover, we calculated the proportion of patients that would have been recalled by the neuroradiologist for additional GdT1w images if T2w only was standard imaging policy.
As CPA lesions are rare findings, even in symptomatic patients such as used in this study, we used Gwet's AC1 as coefficient to evaluate inter-rater agreement for T2w. In contrary to intraclass correlation coefficient or Cohen's Kappa, this outcome value is less affected by heterogeneity in the study population. Moreover, it adjusts for the fact that assessors may agree, even when giving random values as results. 14, 15 Gwet's AC1 can range from 0 to 1; where 1 indicates perfect reliability and 0 no reliability at all.
| RESULTS
Of the 700 CPAs in 350 patients, 22 CPAs in 12 patients were excluded: in 7 patients, the whole set of images was not available in the Cirrus system, and in 3 patients at least one of the observers reported insufficient quality of the images (the experienced observer reported insufficient quality of 1 T2w and 1 GdT1w sequence, and in 1 patient, both T2w and GdT1w were reported insufficient by both observers), resulting in exclusion of both CPAs, and in 2 patients, unilateral artefacts (identified by both observers) resulted in exclusion of one CPA.
Results of 678 CPAs in 340 patients remained for further analysis.
| Diagnoses
Based on the reference test, the neuroradiologist ultimately identified 30 CPA lesions (4.4% of CPAs) in 28 patients (8.2% of patients).
Vestibular schwannoma (VS) as most probable diagnosis occurred most often, with 16 and 10 VSs diagnosed on the right and left side, respectively, of which 2 patients had a bilateral VS. There was 1 patient with a meningioma and 1 with an arachnoid cyst in the right and left CPA, respectively. One patient had a lesion of unknown origin on the left side, and 1 had an absent signal on T2w in the basal and 2nd turn of the right cochlea of which the origin could not be defined. 
and located distally in the internal auditory canal. The less experienced observer did not identify these 3 lesions either. T2w and GdT1w images of the 3 lesions are provided in Figure 1A ,B. For the patient shown in Figure 1A , the neuroradiologist indicated T2w
should be followed by additional GdT1w, that is, the patient would have been recalled. This lesion would have been detected on the combination of sequences and thus would not have been missed in clinical practice. Figure 1B displays the 2 lesions that were missed on T2w compared to the reference test. None of the latter 2 lesions are visible on T2w in retrospect. All 3 false positive lesions on T2w
were located in the cochlea, of which an example is displayed in Figure 2 . In one of these patients, following T2w assessment, the neuroradiologist indicated the patient should be recalled for additional GdT1w, that is, the presence of a lesion would eventually have been excluded on the combination of sequences. Another lesion in the CPA was correctly detected by both observers based on T2w (true positive), but was classified as a VS and appeared to be a meningioma on GdT1w ( Figure S1 ).
| DISCUSSION
Our results show a very high negative predictive value for the pres- 
| Previous studies
Our results are not completely in agreement with Fortnum et al 16 who also compared diagnostic accuracy of high-resolution T2w to GdT1w in diagnosing VS. They pooled estimates of 11 papers published between 1996 and 2001 and reported sensitivity and specificity values of 98% and 96%, respectively. Specificity in the current study was higher with 99.5%, while sensitivity was lower with 90.0%. Possible explanations are the choice not to blind for clinical details, 9, 10, 13, 17 usage of different sequences 18, 19 and field strength, 10, 19 and a different prevalence 10, 13, [17] [18] [19] [20] and size 9,10,17 of CPA lesions in some of the studies included in the meta-analysis by Fortnum et al. 16 In the current study, lesions not identified on T2w were 2 mm in size. In several studies within the meta-analysis, diameter of the smallest detected lesions was ≥3 mm. 9, 10, 17 Possibly, lesions of 2 mm did not occur in these studies or were not detected.
The prevalence of CPA lesions in 8.2% of patients (including VSs in 7% of all patients) in our study was relatively high, which influences positive and negative predictive values. 21 The higher incidence of CPA lesions in our study as compared to literature is probably caused by the fact that we selected our sample based on MRI coding. Due to the tertiary study setting, our sample might include some patients with a CPA lesion referred from another hospital, in which a new screening MRI was acquired in our institution.
| Strengths and limitations
We carefully chose the time frame to guarantee similar and state-of- that insufficient GdT1w quality in few patients has introduced bias; the index test (T2w images) was first scored in a separate session and could not be linked to a particular GdT1w image during scoring.
Only 1 patient was excluded, because of insufficient quality of T2w
(assessed by experienced observer).
The current study was performed in a tertiary hospital, in which radiologists reporting on CPA screening studies are specialised in neuro and head & neck radiology. However, the majority of patients with asymmetrical audiovestibular complaints will be screened in a general hospital, and images will usually be assessed by general radiologists who have less exposure and experience. We have shown that an experienced and less experienced observer have high agreement with respect to T2w assessment. Agreement between a neuroradiologist and general radiologist is expected to be at least as sufficient and probably even higher. Moreover, we used Gwet's AC1
to determine the agreement between assessors, because it is less affected by the prevalence of a disease, which is relatively low in case of CPA lesions.
14 Some limitations should also be discussed. First, clinical information was not included in the analysis. In practice, such information will be provided and will focus the radiologist's attention to one CPA in particular. This might have caused an underestimation of diagnostic accuracy and an overestimation of the simulated recall rate for additional GdT1w of 4%. It should be noted that a radiologist should always assess both CPAs, as incidentalomas are not uncommon in the CPA. 22 Second, we have used the presence/absence of a CPA lesion as outcome, instead of the (most probable) type of lesion.
Both observers misclassified one lesion for VS instead of meningioma ( Figure S1 ). Consequences of such misdiagnoses are limited, as management strategies are usually identical. 23 Third, GdT1w is often considered gold standard to diagnose CPA lesions. 16 Some types of lesions are, however, better visualised using T2w images.
False positive diagnoses on T2w (compared to GdT1w) are not necessarily absent in truth. Both observers identified an arachnoid cyst on T2w images but missed the same lesion on the GdT1w sequence ( Figure S2 ). According to clinical practice, we included additional T1w and T2w images to GdT1w as reference standard, whenever T2w or GdT1w showed any (suspicion of) abnormality. lesions ≤2 mm are managed using a wait-and-scan policy, instead of invasive treatments such as radiotherapy or microsurgery. 24 Of the VS patients in a wait-and-scan policy, no more than 40% require treatment at some point. [25] [26] [27] [28] Cisternal extension and a large tumour Decisions about management also determine further steps regarding imaging. Given the results of this study and above named arguments, specifically the high negative predictive value of T2w alone for VSs >2 mm, one could argue to restrain from further action when T2w is normal. Whenever a CPA lesion is evident and the patient will be obtained in a wait-and-scan policy, additional GdT1w may not be required at all, especially when the lesion is typical for VS. Omitting GdT1w in follow-up of VSs was recently shown to be cost-effective and is policy in our hospital. 30 MRI policies for post-surgical patients were outside the scope of the current study.
| Clinical implications
We have shown that T2w alone has a high sensitivity and specificity for the presence of CPA lesions. Although intracochlear VSs were not encountered in our study population, we know from experience that even small intracochlear VSs can be detected by scrutinising a high-quality T2w. 31 When in doubt patients can be recalled for additional GdT1w. Another differential diagnosis that justifies additional GdT1w is labyrinthitis, which can be visualised as a filling defect on T2w. 31 Intralabyrinthine haemorrhage can easily be diagnosed with aid of native T1w, which we would recommend to acquire in all patients. 31 Diagnoses such as Lyme or tuberculosis cannot be established based on T2w alone, but are seldom, and symptoms are rarely restricted to audiovestibular complaints. 31, 32 GdT1w is also required to detect leptomeningeal metastases, usually prevalent in patients with a known history of malignancy, although these lesions are also seldom restricted to the CPA. 11, 31 One should note that we did not 
